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Abstract: Rattus norvegicus may be as the reservoir host of plague in some domestic plague foci of Yunnan 
province, and some of its ectoparasite species may be the potential vectors of human diseases. To understand 
the ectoparasite communities in a population of R. norvegicus in the surrounding areas of Erhai Lake and the 
potential medical and veterinary importance of these ectoparasites are described. Ectoparasite communities of 
431 rats of R. norvegicus were studied by using Mann-Whitney U-tests and Spearman correlation analysis, which 
were sampled in the surrounding areas of Erhai Lake (a famous fresh water lake in Southwestern China) in 
Yunnan in 2003 to 2004. The constituent ratio (C) , prevalence (P) and average ectoparasite abundance (A) 
were used to test prevalence and density of ectoparasites. The surveyed areas were located in the wild rodent- 
type plague focus, one of the 11 known plague foci in China and also an important focus of both scrub typhus 
and epidemic hemorrhagic fever (EHF). The results indicated that a high proportion (71% , 307 individuals ) 
of the sampled 431 rats was found to be infested with ectoparasites. A total of 47 ectoparasite species, including 
23 species of chigger mites, 16 species of mesostigmatid ( gamasid) mites, 6 species of fleas and 2 species of 
sucking lice were collected from R. norvegicus. Within this ectoparasite complex, 16 species had previously 
been reported to be vectors of human disease agents. The results suggest that there is very high species diversity 
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of ectoparasites of R. norvegicus. 
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1 INTRODUCTION 


Rattus norvegicus ( Berkenhout, 1769) is a 
cosmopolitan species in the world and a common 
species of rodents in some places of Yunnan 
province, China. It is also an important pest for 
agriculture, tourism and medicine. Ectoparasites of 
R. norvegicus usually cover a few groups of 
ticks, 
(chiggers) , gamasid mites, fleas and sucking lice. 


arthropods, including trombiculid mites 
Fleas are the vectors of plague and endemic typhus. 
Human louse, Pediculus humanus, has long been 
proved to be the transmission vector of epidemic 
typhus, epidemic relapsing fever and trench fever, 
etc. Gamasid mites have been suspected to be the 
potential vectors or reservoir hosts of some zoonoses. 
Trombiculid mites ( chiggers ) can transmit scrub 
Ticks are the main vector of forest 


Understanding the 


typhus. 


encephalitis. richness of 
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ectoparasite species provides valuable insights into 
their ecological roles in the regulation of their host 
populations and communities ( Stanko et al., 2002; 
Krasnov et al., 2004). Since some species of 
ectoparasites may be the vectors of disease agents, 
small mammals such as R. norvegicus with higher 
parasite loads and species richness may harbor more 
such vectors. 


2 MATERIALS AND METHODS 


2.1 Field investigation 
A field investigation was carried out in the 
surrounding areas of Erhai Lake in Dali, Yunnan from 


2003 to 2004. The rat host, R. 


sampled from three differently oriented areas which 


norvegicus was 


stand alongside three cordilleras surrounding the Erhai 
Lake (a famous fresh water lake in Southwestern 
China) , namely Eastern Wuliang Mountain, Southern 
Ailao Mountain and Western Cangshan Mountain. The 
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three confined oriented areas form three different 
landscapes within the same zone for the inartificial 
barrier’ s isolation of Erhai Lake. 

The survey was made in 4 kinds of habitats 
(indoor habitat, cultivated field, shrub area and 
forest) in each oriented area surrounding Erhai Lake 
(99°58’ —100°27’E, 25°25’ —25°58’N). At 1 950 - 
2050 m above sea level, the 
temperature was 15. 1°C and the average precipitation 


average annual 
was 110 cm. 
2.2 Sampling protocol and specimen identification 
The rats (R. norvegicus) were randomly captured 
with cage-traps (10 cm x 12 cm x 18 cm) baited with 
apples and oil-fried peanuts. The cage-traps were 
examined and re-baited each morning. A total of 100 
traps were used for each study site. Twenty trap 
stations were set at 10 m intervals along five trap lines. 
Trap lines were arranged at 10 m intervals. The traps 
were checked for three consecutive days, and then 
moved to another place in the same site until the end of 
observations. A total of 1 500 traps were checked in 
every site. Trapped mice were put into white cloth bags 
in the field and brought to 
identification according to their body shape, size and 


the laboratory for 


color, and some measurements such as body length, 
ear length and length of the hind feet. The 
ectoparasites on the body surface of R. norvegicus were 
all collected with fine forceps and preserved in labeled 
they were 


vials containing 70% _ ethanol until 


identified. Fleas and sucking lice were dehydrated in 
30% , 50% , 70% , 90% and 100% ethanol at first 
and then made transparent in the mixed solution of 
pure ethanol and xylene (xylol). After the dehydration 
and transparent process, specimens were mounted on 
Each 


specimen was finally identified under a microscope. 


slides by using abienic balsam separately. 


Gamasid mites and chiggers were rinsed with clean 
water several times to remove the alcohol and the 
Hoyer’ s solution was used to mount specimens on glass 
Slide- 


mounted ectoparasites were identified to species under 


slides for viewing under a stereomicroscope. 


a microscope after the clearing and drying process 
(Chin and Li, 1991; Guo et al., 2000; Luo et al., 
2007; Men et al., 2007). 
2.3 Statistical analysis 

According to the ectoparasite categories such as 
fleas, sucking lice, chiggers and gamasid mites, the 
following formulae were used to calculate the 
constituent ratio (C), prevalence ( P) and average 
ectoparasite abundance (A) of each category (Men et 


al., 2007). 


C= x100% p = Hi x 100% A = x 100% 
=W” O 3 =H” O ; =H” O. 


Where N, represents the individuals of a certain 


ectoparasite category i (chiggers, gamasid mites, fleas 
or sucking lice) and N represents the total individuals 
of all ectoparasites. H represents the total individuals 
of rat hosts ( R. norvegicus) and H, represents the 
individual rat hosts parasitized by a certain ectoparasite 
category i. Non-parametric Mann-Whitney U-tests were 
used to test differences in the abundance and richness 
of ectoparasites (total ectoparasites, chiggers, gamasid 
mites, fleas or sucking lice) between female and male 
hosts. Spearman correlation analysis was used to 
analyze the relationship between ectoparasites ( total 
ectoparasites, chiggers, 
sucking lice) and the body parameters of rat hosts. 


3 RESULTS 


gamasid mites, fleas or 


3.1 Collection of hosts and ectoparasites 

A total of 431 R. norvegicus (210 males and 221 
females) were captured. A total of 8 025 individual 
ectoparasites were collected and 47 species were 
identified , including 23 species of chiggers, 16 species 
of gamasid mites, 6 species of fleas and 2 species of 
sucking lice (Table 1). 

A large proportion (71% ) of R. norvegicus (431 
individuals ) was infested with ectoparasites and the 
average ectoparasite abundance reached 18.65 (Table 
2). Sucking lice were the most numerous among the 
four ectoparasite categories, followed by gamasid mites. 
Both the sucking lice and gamasid mites were far more 
abundant than chiggers and fleas( Table 2 and 3). 

This study revealed that significant differences 
existed between male and female rats in terms of total 
ectoparasite abundance and sucking louse abundance. 
However, no significant differences between male and 
female hosts were detected in chigger abundance, flea 
abundance or gamatid mite abundance( Table 4). 

Similarly, the species richness of chiggers, fleas or 
gamasid mites had no significant difference between male 
and female hosts. However, a significant difference 
between male and female hosts was detected in total 
ectoparasite richness and sucking louse richness (Table 5). 
3.2 Correlation between ectoparasites and host 
body parameters 

Correlation analysis showed that flea abundance and 
species richness, together with the total ectoparasite 
species richness, were positively correlated with the body 
weight of the rat hosts (r = 0.172, df= 431, P = 0.000 
for flea abundance; r =0. 199, df = 431,P =0.000 for 
flea richness; r= 0.107, df = 431, P =0. 026 for all 
ectoparasite richness ). No correlations were observed 
between the host body parameters and the abundance of 
total ectoparasites, gamasid mites, sucking lice and 
chiggers. Similarly, no correlations were observed 
between the host body parameters and richness of gamasid 
mites, sucking lice and chiggers. 
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Table 1 Ectoparasite categories collected from Rattus norvegicus in the surrounding 
areas of Erhai Lake in Yunnan, China from 2003 to 2004 


Species of ectoparasites Number of individuals 


Chigger mites 


Ascoschoengastia indica * 2 
Ascoschoengastia leechi 1 
Ascoschoengastia rattinorvegict 127 
Cheladonta micheneri 1 
Gahrliepia madun 3 
Helenicula simena 24 
Herpetacarus hastoclavus 7 
Leptotrombidium akamushi x 36 
Leptotrombidium bambicola 1 
Leptotrombidium bengbuense 48 
Leptotrombidium insulare x 6 
Leptotrombidium jinmai 3 
Leptotrombidium kitasatoi 1 
Leptotrombidium rusticum 3 
Leptotrombidium scutellare x 5 
Leptotrombidium shanghaense 1 
Leptotrombidium shuqui 21 
Leptotrombidium sinicum 12 
Leptotrombidium taishanicum 2 
Leptotrombidium yui * 10 
Trombiculindus yunnanus 1 
Walchia koi 5 
Species undetermined 25 


Gamasid mites 


Androlaelaps singularis 6 


* : Indicating this ectoparasite is a vector of human disease. 


Table 2 


Species of ectoparasites Number of individuals 


Eulaelaps substabularis 1 
Haemolaelaps casalis x 1 
Haemogamasus pontiger x 5 
Hirstionyssus sunci x 61 
Hypoaspis pavlovskii 4 
Laelaps algericus 1 
Laelaps chini 1 
Laelaps echidninus * 380 
Laelaps guizhouensis 3 
Laelaps nuttalli 823 
Laelaps turkestanicus * 1 
Laelaps xingyiensis 4 
Ornithonyssus bacoti * 1 226 
Proctolaelaps pygmaeus 13 
Species undetermined 1 
Fleas 

Leptopsylla segnis * 182 
Macrostylophora euteles 1 
Monopsyllus anisus x 35 
Frontopsylla spadix spadix * 190 
Paradoxopsyllus custodis * 359 
Xenopsylla cheopis * 90 
Sucking lice 

Hoplopleura pacifica 118 
Polyplax spinulosa 4 189 


Constituent ratio, prevalence and average abundance of ectoparasites on Rattus norvegicus 


in the surrounding areas of Erhai Lake in Yunnan, China 


Ectoparasite category Number of individuals Number of species 


All ectoparasites 8 040 47 
Chiggers 345 23 
Sucking lice 4 307 2 
Gamasid mites 2 531 16 
Fleas 857 6 


4 CONCLUSIONS AND DISCUSSION 


In the investigation, chiggers are the ectoparasite 
taxa with the highest species richness, of which 23 
species were found on R. norvegicus (Table 1 and 2). 
Of these chigger species, § Ascoschoengastia 


Constituent ratio ( C) Prevalence (P) Average abundance (A) 


100. 00 71 18.65 
4.23 7 0. 80 
53.57 29 9.99 
31.48 43 5.87 
10. 61 33 1.99 


rattinorvegict Wen, Leptotrombidium bengbuense Chen 
and Leptotrombidium akamushi Barumpt are the most 
abundant three chigger mite species, accounting for 
36.81% , 13.91% and 10.43% of all chigger mites 
(Table 3). About 3 000 species of chiggers have been 
recorded in the world and more than 400 species in 
China. Of the recorded chigger species in China, 12 
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Table 3 Dominant species (representing > 10% of its group) in the four categories of 
ectoparasites on Rattus norvegicus 


Species of ectoparasites Number of individuals 


Proportion of individuals in a certain category (% ) 


Chiggers 

Ascoschoengastia rattinorvegict 127 
Leptotrombidium bengbuense 48 
Leptotrombidium akamushi 36 


Mesostigmatid mites 


Ornithonyssus bacoti 1 226 
Laelaps nuttallii 823 

Laelaps echidninus 380 

Fleas 

Paradoxopsyllus custodis 359 

Frontopsylla spadix spadix 190 

Leptopsylla segnis 182 

Xenopsylla cheopis 90 


Sucking lice 


Polyplax spinulosa 4 189 


36.81 
13.91 
10. 43 


48.44 
32.52 
15.01 


41.89 
22.17 
21.24 
10.51 


97.26 


Table 4 Mann-Whitney U test for the abundance of different ectoparasite categories on 
female and male rat hosts (Rattus norvegicus ) 


Ectoparasite abundance per host 


Ectoparasite categories 
Female host 


All ectoparasites 18.49 
Chigger mites 0. 62 
Sucking lice 11.97 
Fleas 1.94 
Gamasid mites 3.96 


Mann-Whitney U test 
Significance (2 tailed) 


Male host 
18.76 0.005 
0.92 0.390 
7.91 0.001 
2.04 0.278 
7.88 0.116 


Table 5 Mann-Whitney U test for the species richness of ectoparasites on female and 
male rat hosts ( Rattus norvegicus ) 


Ectoparasite abundance per host 


Ectoparasite categories 
Female host 


All ectoparasites 1.38 
Chigger mites 0.11 
Sucking lice 0.24 
Fleas 0. 43 
Gamasid mites 0. 64 


species have been proved to be the vectors of scrub 
typhus in China (Li, 1997; Fang et al., 2005). In 
the investigation, one of the most abundant three 
chigger mite species, L. akamushi fell within the scope 
of the 12 species. L. insulare Wei (6 individuals) , L. 
scutellare Nagayo (5 individuals) and Leptotrombidium 
yui (10 individuals) are vectors of scrub typhus in 
China. Especially, L. scutellare is one of the main 
vectors of chigger mites transmitting Q. tsutsugamushi 


Mann-Whitney U test 
Significance (2 tailed) 


Male host 
1.72 0. 020 
0.13 0.395 
0.40 0.001 
0.50 0.184 
0.69 0.116 


to humans to cause scrub typhus in China (Li, 1997). 
L. scutellare has also recently been shown to be vectors 
of EHF virus ( Wu et al., 1996; Li et al., 1997; 
Song, 2000; Men et al., 2007). L. deliense has long 
been considered as the main vector of scrub typhus in 
Yunnan and also the main chigger species on house 
rats including R. norvegicus. Our investigation , 
however, did not support the former consideration ( We 
did not find L . deliense). Instead, A. rattinorvegici , 
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L. bengbuense and L. akamushi are the most abundant 
chigger species on R. norvegicus. Our results seem 
strange, but very interesting, which should be 
stressed. If L. deliense is not the dominant chigger 
species on house rats such as R. norvegicus, R. 
flavipectus and some other house rat species, the former 
consideration should be revised about the main vector 
of scrub typhus. We can not explain the interesting 
results properly at the moment and further researches 
may need to be done. 

Gamasid mites on small mammals constituent a 
larger group of ectoparasites that are related to many 
human disease; 16 gamasid mite species were observed 
on R. norvegicus in this study ( Table 1 ), 
Ornithonyssus bacoti Hirst, the most abundant gamasid 
mite, of which 1 226 individuals were collected in this 
study, is a potential reservoir of endemic typhus, 
rickettsia pox and acariasis, which is caused by the 
direct parasitism of some gamasid mites within the 
human body and skin anaphylaxis by the mites’ biting 
( Ader and Wills, 2003; Durden et al., 2004; Fang et 
al., 2005). O. bacoti has been widely researched all 
over the world, because not only can it cause human 
dermatitis, rickettsia pox and transmit EHF, but it has 
also been suspected as a vector of forest encephalitis , 
endemic typhus, Q fever, tularemia, plague, tick- 
borne relapsing fever and potential vectors of 
lymphocytic choriomeningitis and leptospirosis ( Deng 
et al., 1993). Laelaps echidninus Berlese, of which 
380 individuals were collected in this study, is a 
potential reservoir of Yersinia pestis, Coxiella burnetii , 
O. tsutsugamushi, endemic typhus and Leptospira 
interrogans ( Wang et al., 1996; Fang et al., 2005). 
It was reported that L. echidninus can cause papular 
urticaria ( Zhao, 2002). Haemolaelaps casalis ( 1 
individual) could cause human dermatitis, and has 
been suspected as a transmitting vector or potential 
vector of some epidemic infectious diseases, such as 
forest encephalitis, Q fever, North Asian tick-borne 
typhus ( Deng et al., 1993; Fang et al., 2005). 
Similarly , Hirstionyssus sunci Wang (1 individual) and 
Haemogamasus pontiger Berlese (5 individuals) could 
cause human dermatitis ( Deng et al., 1993). Laelaps 
turkestanicus Lange (1 individual) was also reported to 
be associated with human diseases. 

Fleas can cause skin damage and anaphylaxis by 
biting human and sucking blood, and can also transmit 
zoonotic pathogens such as those cause endemic typhus 
and tularaemia. However, they are best known as 
vectors of plague bacilli. In this investigation, six 
species of fleas were observed on R. norvegicus, five of 
them had been previously reported to be naturally 
infected with Y. pestis (Table 1). Paradoxopsyllus 
custodis Jordan was the most abundant species of the 
fleas observed, accounting for 359 individuals or 
41.89% of all fleas collected (Table 3) , transmitting 
plague bacilli to humans. Frontopsylla spadix spadix 
Jordan et Rothschild (190 individuals collected in this 


survey) may play an important role in the enzootic 
maintenance of plague in the sylvatic plague focus, 
although its vector efficiency and index are about 20% 
and 17% , respectively, of those of Neopsylla specialis 
specialis , and it is also able to carry Y. pestis for much 
longer periods than N. specialis specialis and hence 
may play an important role in the enzootic maintenance 
of plague in the plague focus (Wu, 2007). Leptopsylla 
segnis Schonheer (182 individuals collected in this 
survey) is not believed to be able to transmit plague 
bacilli because experiments have showed that both its 
vector efficiency and vector index are zero, although its 
infection rate was more than 80% (Liang et al., 1994; 
He at al., 1997). It is well known that Xenopsylla 
cheopis Rothschild (90 individuals collected in this 
survey) is an important vector of plague bacilli in the 
world. Experiments have showed that it was also 
important vector of plague in China ( Wu, 2007 ). 
Monopsyllus anisus Rothschild ( 35 individuals 
collected in this survey) may play an important role in 
the enzootic maintenance of plague in the plague focus. 

Sucking lice (4 307 individuals) collected were 
the most numerous among the four ectoparasite groups 
in our survey. Polyplax spinulosa Burmeister was the 
most numerous sucking lice, of which 4 189 
individuals were collected in this study. P. spinulosa 
was not also reported to be associated with human 
diseases, and much more researches need to be made. 

In terms of the abundance of total ectoparasites 
and sucking lice, a significant difference was found to 
exist between male and female rats, but no significant 
difference in chigger abundance, flea abundance and 
gamasid abundance by using Mann-Whitney U-test. 
Similarly, the species richness of both total 
ectoparasites and sucking lice also showed a significant 
difference between male and female rat hosts, but no 
significant difference in chigger mite richness, flea 
richness and gamasid richness. Correlation analysis 
showed that the flea abundance and species richness of 
total ectoparasites and fleas were positively correlated 
with the body weight of the rat host, but no correlations 
were observed between host body weight and 
abundance of total ectoparasites, gamasid mites, 
sucking lice or chigger mites, while no correlations 
were observed between host body weight and richness 
of gamasid mites, sucking lice or chigger mites. The 
above results are interesting phenomena, but it is 
difficult to explain the detail mechanism of the 
phenomena. More research work may need to explain 
why the phenomena happened. 

Of the sampled 431 rats (R. norvegicus), only one 
individual was found in forest, 9 in shrub, 13 in 
cultivated areas and 408 in human dwellings. The results 
reveal that the major habitat for R. norvegicus is human 
dwellings and nearby cultivated areas, indicating the 
higher possibility of disease transmission since it is easy 
for humans to contact the rats and their ectoparasites in 
human dwellings and nearby cultivated areas. 
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ASE: WA GA Rattus norvegicus HY HEED A BA BE TT ATAL, AR Re Re ape Hh PSY RE FE AS 
PIA REENT o A T RARE ie] 2 SH Tir ARRERA AE TY, FR 2 AS A EET R.A U g 
HS AAT Ht WY BEIT Ta IE XT 2003 — 2004 ER A Zs BT YE CHP ERE Pa oe RK) Jedd Hs DY 431 She ARR) 
ERA AE HE VEST SIE. HAREC), RRR) APP EYE BE (A) Je RARE AF AE HTT PR BER y 
FE MFR 11 KRA BABE, We Sat ERE RERIT E h PAT HK ARE 431 Sh GR 
BRHF 307 LEEA ARTER, IRS 71% . RAR EUW IAR FE HG 47 BH, CLG 23 PA 16 AP, 6 PAE AD 
2 RRL, HR 16 PARNE ARIER EARRAS. GEAR ERAN MRR BR ARS af AE Hy be EE 0 


KER: MA; ARFER; PRA; Fe; PE 
RADE: 0968 SCHRPRIAAG: A 


MEAS : 0454-6296 ( 2009 ) 03-0290-06 


(TAL SNPE : 38 FEL) 


